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Introduction: The occlusal plane is very important in the stomatognathic and aesthetic
dentofacial system. Manipulation of the occlusal plane plays an important role in class III
malocclusion correction. For this reason, the strategy in establishing the diagnosis, prognosis
and treatment plan becomes more complex, so a more comprehensive analysis of the occlusal
plane inclination as a parameter of diagnosis is needed for more effective and efficient
treatments.
Aim: The aim of this study was to determine the comparison of occlusal plane inclination
between class III and class I malocclusions and to knowing the correlation of occlusal plane
inclination in class III malocclusions with the direction of facial growth.
Materials and Methods: Samples were secondary lateral cephalograms collected at the
Universitas Airlangga (UNAIR) Dental Hospital in October 2017–2018. Cephalograms were
traced using the OrthovisionTM software; then, the Mann–Whitney comparative statistical
test (p<0.05) was carried out followed by the canonical correlation test.
Results: Differences in class III and class I malocclusions were found in the OP-AB and
OP-FH angles. The OP-AB angle is the occlusal plane inclination which has the strongest
correlation compared to others. OP-AB angle is strongly correlated with horizontal growth
parameter, especially theSNB. The OP-AB angle is also correlated with vertical growth
parameters: the Y axis and the Facial axis.
Conclusion: The OP-AB angle is a parameter that can distinguish between class III and
class I malocclusions. The OP-AB angle has a strong correlation with vertical and horizontal
growth directions.
Keywords: cephalometry, facial growth, class III malocclusion, occlusal plane
Introduction
Skeletal class III malocclusion is one of the most difficult problems faced by
orthodontists.1 Aesthetics is always the primary complaint in patients with class
III malocclusions. Skeletal class III malocclusion is caused by undergrowth of the
maxilla, overgrowth of the mandible, or a combination of both.1,2 The highest
prevalence of class III malocclusion in the population of East Asia 16.59% and
Southeast Asia (Javanese ethnic included) 15.69%.3
Patients with class III malocclusion, the mandibular first molar relation is more
mesial than normal, sometimes also accompanied by mismatching the width of the
upper and lower jaw arches. The more older the more severe degree of malocclusion.4
During the dentoskeletal growth phase unilaterally decreasing vertical height causes
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the position of the mandible to deviate in the same direction.
This results in lateral displacement of the condilar during
functional movements, including opening and closing the
mouth. Contralateral differences in vertical dimensions can
produce masticatory muscle imbalances that cause mandib-
ular asymmetry and disruption of the temporomandibular
joints.4,5 Patients with class III malocclusion have different
facial patterns depending on the inclination of the occlusal
plane. Manipulation of the occlusal plane plays an important
role to get better treatment results.6
The occlusal plane is very important in the stomatognathic
and aesthetic dentofacial system. The shape and slope (mor-
phology and inclination) of the occlusal plane holds individual
inclination. The inclination of the occlusal plane is an impor-
tant factor in both static occlusion and dynamic occlusion in
relation to masticatory movements. The occlusal plane angle
also affects the smile especially on the incisal smile arch of the
maxillary incisors and the tip of the canine.5 Inclination in the
occlusal plane becomes an important parameter for obtaining
harmonious orofacial relations.6
The use of orthodontic devices such as reverse headgear,
chin cap, and functional devices used early can prevent the
severity of malocclusion. But in some cases patients who have
passed the growth spurt phase are less satisfying. So that
further therapy is needed in the form of camouflage orthodon-
tics or even surgical orthodontics. In the case of borderline
class III malocclusion, more surgical results provide good and
stable results, but for economic reasons, psychology and
a large risk factor, surgery is less accepted by the public.4 At
present the use of orthodontic mini implants or temporary
anchorage devices (TAD) is increasing dramatically. The ben-
efits of using TAD can provide absolute anchoring, facilitate
treatment and reduce complaints from patients.7,8
Camouflage orthodontic correction using elastic class III,
the occlusal plane angle will decreases and the Witts number
will increase, mandibular rotation going down and back. In
class III malocclusions of the facial type with a low occlusal
plane clockwise rotation of the mandible would be very
beneficial but not in the high occlusal plane facial type,
therefore optimal anchoring is very necessary.6,8
Along with technological developments, camouflage
orthodontic treatment is making rapid progress. So that the
paradigm has shifted, which previously had to use surgical
orthodontics, now some conditions can be corrected with
camouflage orthodontics. For this reason, the strategy in
establishing the diagnosis, prognosis and treatment plan
becomes more complex, so a more comprehensive analysis
of the occlusal plane inclination as a parameter of diagnosis is
needed for more effective and efficient treatments.7,8 Thus, the
aim of this study was to determine the comparison of occlusal
plane inclination between class III and class I malocclusions
and to knowing the correlation of occlusal plane inclination in
class III malocclusions with the direction of facial growth.
Materials and Methods
Sample
The study was performed in accordance with the Declaration
of Helsinki, and human ethics approval was attained from the
Faculty of Dental Medicine, Universitas Airlangga, Health
Research Ethical Clearance Commission with number 716/
HRECC.FODM/X/2019. Samples were secondary cephalo-
metric radiographic film collected at the Universitas
Airlangga (UNAIR) Dental Hospital in October 2017–2018.
All patients provided a written informed consent to review
their medical records as per the policy of Faculty of Dental
Medicine, UNAIR. The confidentiality of the patient’s identity
remains protected and for patients under 17 years old the
informed consent were represented by their parents. From
the total sample, there were 248 patients with skeletal Class
I malocclusion (ANB 1–4), and 46 patients with skeletal Class
III malocclusion (ANB < 0). There were only 40 skeletal
Class III malocclusion patients who meet our eligibility cri-
teria, with the age range of 15–35 years. The Inclusion criteria
of sample selection were ANB < 0, male or female patient
with skeletal Class III malocclusion who had never done any
orthodontics treatment before full permanent dentitions. Then
the study data meet the criteria compared to the inclination of
the occlusal plane based on class I and class III malocclusions.
The cephalograms of patients with ANB less than 0° were
included in the class III malocclusion sample group, whereas
the cephalograms of patients with ANB 0°–4° were included
in the class I malocclusion sample group. Cephalometry
tracing is carried out twice with a lag period of 2 weeks by
the same operator. The cephalogram was traced using the
OrthovisionTM digital program and then the anatomical
points are determined as shown in Figures 1–3.The direction
of growth of the nasomaxilla and mandible complex is
divided into vertical and horizontal directions.
Growth of the nasomaxillary and mandibular com-
plexes in the vertical direction is measured using the
following cephalometric parameters (Figure 1):
(a) Facial Axis: The angle between Pt-Gn and cranial
axis (Ba-Na)
(b) Y Axis: The angle between S-Gn and the FH plane
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(c) FMA: The angle between the FH plane and the
mandible plane
(d) SN-GoGn: The angle between the SN plane and the
Go-Gn line
(e) Gonial Angle: The angle between the Go-Gn line
and the Go-Ar line
(f) Lower Facial height: The angle between the
ANSXi line and the PmXi line (Rickets)
(g) Lower Gonial Angle: The angle between the Go-
Gn line and the Go-N line
Growth of the nasomaxillary and mandibular com-
plexes in the horizontal direction was measured using the
following cephalometric parameters (Figure 2):
(a) SNA: The angle between the cranii base (SN) and
the NA line
(b) SNB: The angle between the cranii base (SN) and
the NB line
(c) ANB: The angle between the NA and NB lines
(d) Saddle Angle: The angle between the SN plane and
the S-Ar line
(e) Upper Gonial Angle: The angle between the Go-N
line and the Go-Ar line
The inclination of the occlusal plane are the inclination
parameters of the occlusal plane in relation to the naso-
maxillary and mandibular complexes, measured using the
cephalometric angle parameters as follows (Figure 3):
(a) OP-SN: The angle between the cranii base (SN
plane) and the occlusal plane
(b) OP-FH: The angle between the FH plane and the
occlusal plane
Figure 1 Anatomical lines and angles used in this study to determine vertical dysplasia and growth of the nasomaxillary and mandibular complexes in the vertical direction.
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(c) OP-GoGn: The angle between the mandibular
plane (Go-Gn) and the occlusal plane
(d) OP-AB: The angle between the AB plane and the
occlusal plane
Statistical Analysis
Statistical analysis were using Statistical Package for Social
Science (SPSS) version 25 (IBM Corporation, Illinois, US).
Cohen’s Kappa test was conducted to determine the relia-
bility of the measurement data. The statistical analysis used
to determine the differences between the inclination of
occlusal planes in class I and class III malocclusions is the
Mann–Whitney test comparative analysis (p<0.05). To
determine the distribution of data using the one-sample
Kolmogorov–Smirnov test (p>0.05). Statistical analysis
used to determine the correlation between the direction of
Figure 2 Anatomical lines and angles used in this study to determine sagittal dysplasia and growth of the nasomaxillary and mandibular complexes in the horizontal direction.
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development of nasomaxillary and mandibular complexes
with the inclination of occlusal planes used statistical analy-
sis of canonical correlation (p>0.05).
Results
The Kolmogorov–Smirnov normality test results for class
I and class III malocclusion data indicate that the data are
not normally distributed (p<0.05). The normality test
results for class III malocclusion data indicate that the
data are normally distributed (p>0.05).
Descriptive statistics of class I can be seen that the
average parameters that exceed normal values are Facial
Axis (103.40), Lower Gonial Angle (78.77), OP-FH
(13.15) and OP-GoGn (20.29). Descriptive statistics of
class III mean parameters that exceed normal values are
Gonial Angle (130.15), Upper Gonial Angle (51.12),
Lower Gonial Angle (79.04), SNB (85.23), OP-FH
(14.25) and OP-AB (108.92) (Table 1).
There was a difference between class I and class III
malocclusions. The significance in this study for the OP-
SN angle and OP-GoGn angle. There was no difference
between the class I and class III malocclusion groups. The
significance for the OP-FH and OP-AB angles meaning
that there is a difference between the class I and class III
malocclusion groups (Table 2).
Canonical loading is also referred to as structure cor-
relation, measuring simple linear correlations between
observational data in the independent variable or the
dependent variable with its canonical variable collection.
The origin variable that has a large canonical load value
(p>0.5) will be said to have a large role in the collection of
variables. The canonical loading sign indicates the direc-
tion of the relationship. The greater the value of the
canonical load, the more important the role of the origin
variable will be in the variable set.
Interpretation of canonical loads from the results of the
study:
The first canonical function the sequence of contribu-
tions relative to the angle dependent variable OP-AB
(0.656) correlates with horizontal growth parameters
namely ANB (−0.767) and SNB (0.746). The OP-AB
angle also correlates with the vertical growth parameters,
the Y axis (−0.662), and the Facial axis (−0.599) (Table 3).
The second canonical function the sequence of contri-
butions relative to the angle dependent variable OP-FH
angle (0.794) and OP-AB (0.708) correlates with the ver-
tical growth parameters namely Lower Gonial Angle
Figure 3 Anatomical lines and angles used in this study to determine the inclination of the occlusal plane.
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(0.836), Gonial angle (0.741), Y axis (0.644), Byork sum
(0.601), Facial axis (0.583), SNGoGn (0.576) and Facial
Height Ratio (−0.563). The OP-FH and OP-AB angles also
correlate with the horizontal growth parameters, ANB
(−0.569) (Table 4).
Discussion
This study focuses on discussing the inclination of the
occlusal plane in class III malocclusions in Javanese ethnic
at UNAIR Dental Hospital Surabaya, East Java, Indonesia.
The inclination of occlusal planes in class III malocclu-
sions are compared with class I malocclusions because
they are a differential diagnosis.8 The inclination of the
occlusal planes studied are the angle of OP-FH, OP-SN,
OP-GoGn and OP-AB because they can determine the
inclination of the occlusal plane.5,9-11 The classification
of malocclusion in this study is based on anteroposterior
skeletal discrepancy. Anteroposterior discrepancy is the
ANB angle which is the difference between the cranial
base and apical base of the maxilla (SNA) with the apical
base of the lower jaw (SNB).12–14
Table 1 Descriptive Data of Measurement Class III Malocclusions Variable
Minimum Maximum Mean Std. Dev Normal Value
Saddle Angle 113.75 134.17 123.33 4.73 119.20–128.60
Facial Axis 76.43 100.03 89.15 4.87 82.74–90
Y-Axis 52.64 73.24 62.41 5.21 53–64.6
FMA 17.51 45.26 31.18 7.37 16–35
SN-GoGn 20.51 48.74 34.11 7.06 24.82–35.76
Gonial Angle 111.23 150.13 130.15 8.86 110.32–123.0
Upper Gonial Angle 42.41 64.02 51.12 5.00 40.30–47.70
Lower Gonial Angle 66.28 89.38 79.04 6.54 68.5–77.58
Byork Sum 380.79 408.74 394.79 7.18 336.20–395.6
SNA 71.64 86.32 80.77 3.52 79.2–85.6
SNB 75.11 92.45 85.23 4.30 77.3–83.5
ANB −11.01 −0.42 −4.47 2.74 0.30–3.70
OP-SN 5.81 43.63 18.26 6.75 11.31–19.17
OP-FH 2.53 26.03 14.25 6.48 5.50–12.1
OP-GoGn 5.68 28.38 16.93 5.23 12–20
OP-AB 99.09 123.04 108.92 6.17 88.6–95.8
Facial Height Ratio 55.92 77.72 65.20 5.62 65.56–74.92
Lower Facial Height 30.22 58.02 44.77 6.23 42.77–49.79
Table 2 The Differences in Occlusal Plane Inclination Between
Class I and Class III Malocclusions
Parameter OP-SN OP-FH OP-GoGn OP-AB
Means Class I 40.60 31.70 37.38 21.15
Means Class III 40.40 49.30 43.63 59.85
Significance 0.968 0.000* 0.215 0.000*
Note: *Significant at p<0.05.
Table 3 Results of the First Canonical Correlation Set
Canonical Loadings
Variables 1 2 3 4
Saddle angle 0.061 −0.425 −0.471 −0.133
Facial axis −0.599 0.583 −0.277 0.047
Y axis −0.662 0.644 0.104 −0.148
FMA −0.371 0.860 −0.092 0.106
SN-GoGn −0.425 0.576 −0.586 0.234
Gonial angle 0.049 0.741 0.023 0.394
Uppergonial 0.286 0.355 0.277 0.285
Lowergonial −0.174 0.836 −0.208 0.359
Byork sum −0.313 0.601 −0.559 0.170
SNA 0.078 −0.294 0.470 0.429
SNB 0.746 0.331 0.426 0.122
ANB −0.767 −0.569 −0.132 0.165
Lower Facial Height 0.228 −0.408 0.167 −0.309
Facial Height Ratio 0.207 −0.563 0.654 −0.085
Table 4 Results of the Second Canonical Correlation Set
Canonical Loadings
Variables 1 2 3 4
OP-SN −0.289 0.394 −0.628 −0.605
OP-FH −0.262 0.794 0.111 −0.537
OP-GoGn −0.268 0.499 −0.212 0.797
OP-AB 0.656 0.708 0.077 −0.250
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This study also discusses the closeness of the correla-
tion inclination of the occlusal plane with other parameters
incorporated in the gnathology system. The gnathology
system consists of three elements namely teeth, bones
and muscles. The teeth are represented by the inclination
of the occlusal plane (angle of OP-FH, OP-SN, OP-GoGn
and OP-AB). Bone is represented by the direction of
growth of the nasomaxillofacial and mandibular com-
plexes from the vertical direction (FMA, SN-GoGn,
Lower Gonial Angle, Facial Height Ratio, Facial Axis,
Y Axis, and Byork Sum) and horizontal direction (SNA,
SNB, ANB, Saddle Angle and Upper Gonial Angle).10–13
Muscle is represented by Lower Facial Height which
represents the musculature anchorage.15
In this study found that, the comparison of class III and
class I malocclusions in the OP-SN and OP-GoGn angle
occlusal plane inclination does not have a statistically sig-
nificant difference. While the comparison of class III and
class I malocclusions on the occlusal planes inclination of
the OP-FH and OP-AB angle has statistically significant
differences. According to Zweig and Campbell, diagnostic
indicators must be used to distinguish the presence or
absence of abnormalities.16 The OP-FH and OP-AB angles
differ in class III and class I malocclusions so that they
may be considered as indicators of diagnosis. According to
Kim and Vietas, dentofacial complex variations are rarely
caused by a single factor and therefore consideration of
indicators of sagittal dysplasia diagnosis is not single and
absolute.16
In this study, we found that the OP-SN angle in class
III samples in the normal range. Based on the third vari-
able canonical correlation test, the OP-SN angle correlates
with the vertical growth parameters namely Facial Height
Ratio, SN-GoGn and Byork sum. The greater the value of
Facial Height Ratio means that the height of the anterior
face is shorter than the height of the posterior face, the
smaller the OP-SN angle. The greater the SN-GoGn and
Byork sum (the more hyperdivergence), the greater the
OP-SN angle.
According to Ellis and Mc Namara, the SN plane gives
less accurate results than the Frankfurt Horizontal plane
with respect to the position of the jaw.14 Hopkin and
Houston state that the SN plane representing the anterior
cranial base lacks a strong relationship with the dental arch
and jaw.17 The SN plane is used to determine hyperdiver-
gence, whereas hyperdivergence can occur in both class
I and class III malocclusions.14,17 Therefore the OP-SN
angle does not have a difference between class III and
class I malocclusions.
We found that OP-GoGn angle in class III samples are
still in the normal range. Schudy argues that the angle of
OP-GoGn determines the prognosis for treatment of ver-
tical dysplasia. The OP-GoGn angle is one of the para-
meters in determining skeletal divergence patterns and is
not affected by sagittal dysplasia,14 so that the OP-GoGn
angle between class III and class I malocclusions is no
significant difference.
In this study, we found that the OP-FH angle in class
III sample shave normal range. This shows the rotation of
the occlusal plane clockwise. Based on the second variable
canonical correlation test, the OP-FH angle correlates with
the vertical growth parameters namely Lower Gonial
Angle, Gonial angle, Y axis, Byork sum, Facial axis,
SNGoGn and Facial Height Ratio. The OP-FH angle is
also correlated with the horizontal growth parameter,
ANB. The greater the hyperdivergence and the smaller
the anteroposterior discrepancy of the jaw, the greater the
angle of OP-FH. The Frankfurt plane gives more accurate
results on the jaw position than other horizontal facial
plane because the position is closer to the median,14,18
therefore the OP-FH angle is significantly different
between class III and class I malocclusion samples.
In our study result we found that the OP-AB angle in
class III samples have above the normal range. This indi-
cates the clockwise rotation of the occlusal plane or the
counter-clockwise rotation of the AB plane. The OP-AB
angle is a characteristic of the occlusal plane whose angles
are obtained from two planes that intersect almost perpen-
dicularly. Point A and point B are known as sagittal
dysplasia parameters,14,18 so OP-AB can distinguish sagit-
tal dysplasia.
Based on the first variable canonical correlation test,
the OP-AB angle correlates with the horizontal growth
parameters namely ANB and SNB. The OPAB angle is
also correlated with vertical growth parameters, the Y axis,
and the Facial axis. The greater the SNB and the smaller
ANB, the greater the angle of OP-AB. The greater the
angle of the Y axis and Facial axis, the smaller the angle of
the OP-AB. The Y axis and Facial axis are indicators of
the presence of chin rotation relative to the upper face,
therefore the OP-AB angle can describe sagittal dysplasia
with or without chin rotation.14
The direction of vertical growth in the mean sample of
class III malocclusions tends to be greater in the Lower
Gonial angle parameter. The direction of horizontal growth
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in the mean class III malocclusion sample tends to be
greater in the SNB and Upper Gonial angle parameters.
The direction of vertical growth in the mean sample of
class I malocclusions tends to be greater in the Facial Axis
and Lower Gonial Angle parameters. This provides infor-
mation that hyperdivergence can occur in class I and class
III malocclusions.14
The Saddle Angle in class III samples still in the
normal range. Saddle Angle is the center of sagittal growth
in spheno-occipital syncondrosis. The normal saddle angle
shows the normal location of the mandibular fossa,19 so
the average class III malocclusion Javanese ethnic sample
in UNAIR Dental Hospital that sagittal dysplasia is not
caused by the position of the mandibular fossa.
Orthodontic treatment to prevent the growth direction
above can be done at the age of growth, chin cup is quite
recommended because it more restrains the posterior growth
of the condyle and prevents the rotation of growth in the
angulus.8,9,12 In extreme cases, surgery is performed by
doing BSSO because it can reduce Upper and Lower Gonial
Angle by allowing rotation as well as mandibular setback.20
A good diagnosis of sagittal dysplasia is not enough to
detect only anteroposterior disharmony, but it is better to be
able to detect vertical problems. ANB since it was discovered
by Riedell, has become a popular sagittal dysplasia parameter
until now. However, in cases with vertical problems such as
mandibular rotation, ANB is biased and inaccurate.14,16
Witts Appraisal involving the occlusal plane and the AB
plane.Witts Appraisal provides a solution to the lack of ANB
as a sagittal dysplasia parameter. Witts Appraisal has been
a good parameter of jaw disharmony to the present.14,16,21
However, in the case of hyperdivergence (large FMA) Witts
Appraisal becomes less accurate. Modifications of the Witts
appraisal are required by using the “Normal” Occlusal Plane
as the reference plane.21
In this study, the OP-AB angle provides significant results
to distinguish class I and class III malocclusions. The occlu-
sal plane is a true sagittal relationship parameter14,16 com-
bined with the AB plane should be able to give a perspective
of jaw disharmony like Witts Appraisal. There is no single
parameter in cephalometric analysis that is able to provide an
absolute perspective of interpretation.14,18,21
Cephalometry analysis is a matter of geometry of planes
and spaces. The ability to think visually is a very important
factor needed to solve geometry problems. Visualization is
the ability to see and understand problem situations. The
position of the angle and plane parameters in cephalometry
should be able to provide visual thinking.22 The ANB angle
is more popular and used until today because it provides
better imaginary visualization than the Witts appraisal,
although the Witts appraisal is an excellent jaw disharmony
parameter.12,22
The OP-AB angle is expected to be able to provide
imaginary visualization as well as being a good jaw dishar-
mony parameter. Thus, the OP-AB angle becomes visual
thinking which is expected to provide a visualization role
that helps in solving orthodontic problems. The OP-AB angle
is quite interesting and it is important to continue to be
investigated to support the diagnosis and treatment plan.12,22
Conclusion
The OP-AB angle plays an important role in determining
class III malocclusion diagnosis. The OP-AB angle is
a parameter that can distinguish between class III with
class I malocclusion. The OP-AB angle has a strong cor-
relation with vertical and horizontal growth directions.
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